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PROBLEM TO BE SOLVED: To provide a magnetic recording medium suitable for high density 
magnetic recording with high resolution, low noise and small thermal fluctuation, and a mass 
magnetic storage device realized in using the medium, etc. SOLUTION: In this magnetic 
recording medium having at least three or more magnetic layers on a non-magnetic substrate, 
when a magnetic layer which is farthest from the non-magnetic substrate is used as a magnetic 
layer for recording, a magnetic layer which is father from the non-magnetic substrate next to the 
layer for recording is used as a magnetic layer for stabilization, and the entire magnetic layers 
other than the magnetic layer for recording and the magnetic layer for stabilization are used as a 
group of lower magnetic layers, an AFC type thin film magnetic recording medium has a 
connection layer made of non-magnetic material or weak magnetic material having nature that 
makes the magnetization of a contact magnetic layer reverse between the magnetic layer for 
recording and the magnetic layer for stabilization, and uses a magnetic recording medium, 
wherein the rearrangement of the magnetic layer for stabilization and the group of lower 
magnetic layers generally ends within 10 millisecond after recording. 
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WSri: 

[00 32] ^{»l4MfcTM»ii^^iiV^t» 
^i#@^»M^M^14x*/^-£Kui (J/nT3). 
WfeW&kfh b Z . Kuitm^-lfttiCOm^kXmL 

tzm (KuixDxD xti/k) zmm&mcommmkti- 
EStL&ztizx^x. £fe4m&mtTm®&mm) 

Zit5l-s*-hfr£*)Wife?tiJl*^\ 

[00 33] ^kattMfc«ttTFTOttiiS* s ^TB& 

nmmmizit^x 

[00 34] ^^»l4ii(i:ie$i»iih^»^ 



§ . &&wmm t tmmm^mwu.mi^m^z 

It. AFC^T-fe«M^^M^»M$tiS 0 5c£ 

'\m^mimrmm^mmmmmz9t±^xm^ 
^r-tt -i t x\ mm^mmm^mcomm^n 

^mmmi-irmmmmcD^ izit*xm<-t 
h x* a tttfm&zti h o nMtta 2 i~ j * - y )vn 

[0035] tmm^mumnmmmmi^t txm 

Co-Cr-Pt. Co-Cr-Pt-B. Co-Pt. Fe-Co-Ni^ 

#^)Co. Fe. Mfrt>%&m*t>M&tvfc'J?%:<bi>l 

^x. m:hmm®m&m\m~th^. mmm 
izittx^Mmm^m^ 2mzmtz>^t 
tih, ^)tt>, Mmmxmw-^w&i^tm 

t A y 3 h° 3 J/m J: 0 V iEIUKtt 

mcoco%m&8 3at%^0^ s^^*a w^^ti 
[0036] ^mmtmmmi. mm&mnmztz 

J: < i~ h z_ t immb%& o 

[0 0 37]#lttllt!l *7X, NiP^-y^Al. 
•fe^S^y^X. Si. 7°7Xfy^f!&^^|.3.5, 2.5. 
1.8. lfl^R^^t<{i:T-T. %-Y<mm:L 
TfcO. $^^M^Cr. Mo, W. Ta. V. Nb. Ta. Ti. 

Ge. si. co. m^%mfrmiftitz'j?%<ti>in 

CDTtm^tf. Cr. Mo. W. CrMo. CrTi. CrCo. NiCr. T 
a. CoCr. Ta. TiCr. C. Ge. TiNb. #^[4CoCr/CrTi1f 

mrm. im&cocru/crn/cmmTtmcDimimt: 

bit. Mfflvmmvmt. mzmm^commx?) 
%®x\ mzmn\ 

[0038] tm^tifzmmm^zit. £.±Mmm 
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<^%2QdBW±COmm/Utfnt>tl. EEPRML^MEEPRML . 

wum±.xmm^tm^^i 0 tmmz, ma 
zbx\ £v±z%®^ijmtt&§eM®&mtfm 
rams^ ( gmr ) s w>y^/Hi^7Fco 

WTO. #^BS6 1-097 906. ftRPP0 2-6 1 
5 7 2. mm^O 4-3 583 1 0. ftRPPO 7-33 
3 0 15. M/^m^O 2-148643. 02-21 
89 0 4^&&mzimZtlX^&&ffi-C$>V) . KrF 

mzm&Lxmi) v y «/?wfio . 5 v mvxrzmffil 
[0039] immzm^h z\ 1 1 «t 9 . ^MM^tt^ 

(#112001-? («f) 31010410) <0*y«yh£^£ 

fift-fkfc w$mnmmmm<mmfcm it: 
tin. mm^^i^-^A^ <^6c\b ?mm 

[0 04 0] 

& 0 m2{i. mi A\ l z^mfc<n3mm.®m\k*4m 

14, Jt^htTE!3^^j:d^*M2iiAFC^#:^ 
[HI 3i5«fctf01 5t^^^4iiMAFC^#ctoV^ 
Tt)^*Cii^-S, 1 5te#?X. NiP^y^Al. fe 
Si. 7 JXl-y 3.5. 2.5. 

1.8. immmti>L<\*T-7. t/-m<7#m& 

V^. CoCrPtB. CoCrPt. CoCrPtO. CoCrTa. CoNiPt. Co 
Pt-Si02. FeNiCo. CoFeTa. NiTa. CoW. CoNb. GdFeCo. 
GdTbFeCo. Fe-N. Co-CoO. Co-Pt-^^Co. Fe. Nify 

®&mm KiCo. Fe. Ni*fcliCofc±jfc#i:U Fe. 
Ni. Cr. Ta. Pt. Pd. RuCr>*frt>Mlftltz'J?%< b h 1 

(mm)^ts^mxhi. 

[004 1 ] gfeim&M 1 2^TMM'\tmM2 1 £B 

mm 1 2^ j:^Tii»iii¥2 1 1 ixo>*±&#b 



t. Cr. Ta. Pt. Pd. Ru<Dtpfrt>Mtftltz'J?%<bhl 

< ft 0 . 50MJfeo«*/h3 < %^XSMtm 

±^§ 0 »[4TtftiI14te. Cr. Mo. W. Ta. V. Nb. 
Ta. Ti. Ge. Si. Co. mfrt>%&mfrt>WlitVfc'J?%:< 
thlUCDjtm^^tS, Cr. Mo. W. CrMo. CrTi. CrC 
o. NiCr. Ta. CoCr. Ta. TiCr. C. Ge. TiNb. #^'[4Co 
Cr/CrTimMTffi. M14CoCrTa/CrTi/CrMT*fi^ 

im\mxfoh 0 »ii 1 4 *&mfct& z\b\,z 

fTC^&o 16(iN^JuC. H^JUC. BN. ZrNbN^ 
OftML 17JiOH. NH2^i7)Pl*tt. ^L<U»Q?[4 

[0042] ^»M^^f^^§^ii 1 3 fcliRu 
Ir. Rh. Cr. Cu, Refr^mfr^Mlftl 
1Z'J?%<bi>lU(7)&ffim. ttzli, Ru^Mo. Re. 

mb*i&&&. tfzii, RhtPt. m^MUiitz^j: 

<bhi mmM±.cDjtm^b ^^^^m^xh^ 

Cr^fflV^^'. RutNb. Ti. Pd. Pt. Au. Cu. Pt. Pdfr 

t>%mfrt>mttti*:'j?%<bi> lmco^mjtmb^ 

tr£#. tfzlt. Co£±jftfr£:U Fe. Ni. Cr. Ta. P 

t. Pd. Ru<7)*frt>m>$titz'j?'%:<bi> lmcojtm^ 

tr£#. ^/t»^TB(^ny)^/t(iO(^S)^^^ 

mm^xhmmmm^titz. m^mwmt&z 

W(r?&1fc&M2 2l l ZlZZt>{Z^ if £#0.1nm^0.4nm 
^/tm.0nm^^l.6nmC7)Ru. ^7tl(i. Ir. Rh. Cu. Re^ 

^^i>^^^{m^^< h i imcD&mjtm. ttz 

fi. Rut Mo. Re. W. Zrt^^hMt^m\ftltz^< 
bhimcO&mjt^bZ-kts^, tfzii. RhhPt. Pd 

fr^mimtz^K b h i mm&tcDjtm^ikb 

3.2nm^Cr. ^/^(iCr^i^t^^^^fflV^T t>S 

»4^fflv ^ b mmm&m%fc u 0 1 6 tiart 
^^<fti. 0 

[ 0 0 4 3 ] z\ z\x\ immwm 1 4 . m&m. m& 

^«^^Ar-0^X»HM^rDCX^°>y ^ U y^Srffl 

^ttotihMzixfoh « z\com, M&mxn, Arj± 

^im-10mTorr. M^m00-300°C. MraJ^O.1-10 
nm/sblfZo i%mMH10nmXfo& o t?Mffi&M<7)Co&& 
»MOCr^S(419^^23JE^^°— fey t- . Pt^rgfi 
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^yhtuz, tmmmemw.. mam., mum, 

^(i^tl^M2-22nnu 0.3-0. 7T\ 500-1 200k A/mf^ 
Mit. m%timffl*Ztl?tll-&m. 0.3-1.5T. 100-120 

^mm^m^mF mwm&xfohtK mbe& 
m^mcDimizii. 

3jws 01 scommmco^&tete. ^ 

IsZlfoCDm^MttZ^ttl^^jtm^o^ Re. W s Cr^H 

[ 0 0 4 4 ] 0 1 7 16nm^CoCrPtB|eHai4if& S 
*8^&tttl 1211 3te*-t4®ffii£t\ 03 

^*M2it af cmfac?m^m'&m?)TmM2nm 

mmi. 6.5nm^Ti?<&oTfcO. BKWMSft 
[00453018 k:. 16nm^CoCrPtBf2£M14JI£[Sl 

01 4fc^r3®|f5i (2#fJ) tmi 5 
fc^rf 4JM3£ ( 3#M) &£Xfm3<7)mm2MAF 

&tf>fc*fl/C. ^mcD2ftWMmi6.0nmtX\ #H 
HJ#> 3 #M&ttli8 . 5nm £ Tff < £ o T £ 9 , 4HWfc J: 

[0046] 01 7. 01 8£^L£3Jf£U:<0AFC 

im±o. 3x% t co t*t t x . 2 wtmwio . 

5. 3#M*£#ii0.7. |13^)4iiW.6 

[0047] 02 111 014fcJ:tf01 5£^L£2 
#M&#i3 J: 3 m H£ttfci5 V . CoCrl6j&> & £ S 31 



^Lfct^T&S. ^^flBtfcfcVvCt. CoCrl6fg 

^mm^^zim^mmm. 5nmt & o . 

>mtTMM!mMtf-MklX^Z><7)tfhfrZ>. CoCr 

^ht^X.^flh 0 CoCr20^H H H^mXx^7^X^ 
7"Uo.ryMLIiJ^J: , 90.5pJ/mT-^)-)^ o 

fl-&^®53ftli^x^;^Hi, 2A/t=2x (0.5/10^12)/ 
(2/10 A 9)=5/10000J/m A 2. i:l^i3&^^. 
[0048] ttrie»^. MM^m.5T^45Ni-55F 
e^FIB (Focused Ion Beam) MlWftiZ X ^77^ 
i(i0.4^mi?)M^i: t. sdM*r* >y7°^0.15//m(^ 
7 7°H : A1203)h LfcfaHSBJ:. N i Fe/ Co(4nm). 
Cu(2.5nm). gl^iiCoF e (3nm) . C r M n P t (20n 

rizmmmi. ^mmzj^yititzmz, 

mz, Co80-Crl5-Pt5(10nm)/Cr(10nm)77<A^5*3J:V'Ta 
m«(100nm)^@S^t. K r F^f7^'JV/57^ 

^a^SS&*S^*2ju mc7)Ni80-Fe20^-;P K flTC* 

(^-;Ph*gIH|:0.07jum. ^f>>y7^:A120 
3) ^S^gPfc^^TtSa^^-ym^S:. A1203-TiC^ 
^^$^1.0X0.8X0.2mm3^X7-f /tML)ti 

^^tTfPiffit/to X7>f ^(M4^2r 3 *J3rifttt 

x\ ttzmio ( a ) ti. ^Mo^ffi0. ( b ) immm 
xhh. mmt^mmx/wmcDAftJiiziz. 
ffitntrm^nMMiW&^xhho -i-ixn. eepr 

ML(Extended Extended Partial Response Maximum Like 
1 i hood) £ X y ) \ y X t . ECdfg ^ t tz MEEPRML (Mo 

ditied prml) tiio . mmmm&m^&^WMmz 
&m uzm^mtmrnzmxifz . 

[0049] 0111 4 5 0kFCI^i3(tl)fI-^7-fX 
Jt (Smf/N) ^^SttlWfic^ptt*iS»«ttli#Sft 

mi. 01 7fcJ:r^0l8tfflv^«ftfcov^*Ji53r 

o o s mf/nmmim^m^mmcomM ttuz± 

(014 ) T«5.0nm. ^0^4)i^#: (01 3 ) T" 

m. 5m^mi h t mmz s mf/nwmtmritz . # 

(i3.4nm. *^c7)2^fM#T1i5.1nm, *^HJ<04Ji 
««rCtt6. 3nmh ^ 0 . Smf/Nf \\mmMlzmtt Z> 

mmz-&uz 0 mix-m^fzmfrcD&mmz&^x, 
M^coswfmm^^ii^mm^mmzm^x $ 

^SIBii^ri BiiS^ t t <! 6 . «^Tii60 
OkFCl£T\ *^0^2^fM#:T1i8OOkFCI^T\ 
0^4 jf«ft:T{i850kFCI i T^f sfi^ttsW . 

*^:j:fLtf. mmmm!^m^i\\mzmh 
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too 50] mi 9i$. mi 4^2mmmzt5u 

[0 0 5 1 ] W3Lffl&C0Rjl! l zm-&4 5 0 kFCItiS 

2/wmzmxm9c7)X dtcmm v ^^titz 0 tim/m 

m<%h 0 JtHk2/HkljW).2J2Ui0.6JaTC 

[00 52]^, ieii»^«^lT(80Ni-20Feffl 
Jfth 1.3T(FeTaCh 1. 7T (FeNiN) b Ltz^v YXmm 
UztK IT. 1.3TTttfifc«#tt#20dBi:ffi<. 

#^¥0 2 -148643. 02-2189 0 4^-#^ 
|5l#^^^#^^^\ |5l t h 7 >y ? fsco 

[0053] w,±.mKfzmmMte. *m\xm?Fct&m 
mmizttm-zh^xfo*), ^mm^nmmtm 
mzmmrz &Mi,z&uxi>*m s n<7)mmi i zAz>i>cox 

foh« MUf. RF7^4nyX7^y^^ ECRX^y 

^)?>x^v rmx^nn^mm^ti 
h<> ttz. ^mxm^-thmmmmmzxtim5Gb 
/m2&±_<7)mmmx<vmm^®fox^mt%& 0 
Ltzt-^x. ^mcommmmm^mt^m^r- 
~y\ mm-v. m^T4 xmzm^tzMmm 

wmmmim. ®mmmgm*m^& ~ t izx 
^m^±®mnmm&tfw>T^mb%i. z\ti 
iz± o . tim*Jinmxm\^mm£mzm 

m±izmztit:'j?%< t h 3M&±0mm*i?t 
mftmmmmmz&^x. mm&%m*t>iki>%t 
^m&mzmm&m. nmmgnmzmm&mi 
&t> m v mm * gfflm&m . meMm&m t m& 
m&m tm< m&x <nmm * ymmmm 1 1 
tm^mmmmmttzimmmm^^ 



m&mi,z£->xmxt>tixm. h77;^w 
zmnixmrnrnz^fz®. m#zm>zit. zuz 
mmzMmmnixMmmizm^mimmz 
&^x. mitcommzxm^mm^< 1 1> 2<o&± 
wz-9*m>. zti?tiw-?mmttzmtmn 

\,z#ft&mttMYM£. W*#v^fr^JI£dML d 
mcox d {zH&b % . dMl^dM2i7)fn{iMfnMS^2f§ 
9 0 %£J,±.Xfo 0 . dMH^fl)dM2^J:b^0.45 

§ a tzmmmmfr m^mmm ^ 
tit:mz$>& 0 

[ o o 5 4 ] tfz. mmi-m&mcomitz&miz 

WSMlt. Ru. ^fcte. Ir. Rh. Cr. Cu. Re*^^r5P 
3&^Stfii3t^<fct>lS^M7cS. ifcli. Ru^: 
Mo. Re. W. Cr 3 &^53:| ) ffif^^atf<iJt^5flr<fc«>l8 
<0&M7cSi: ifcii. RhfcPt. Pd^^Sif 

[ 0 0 5 5 ] ttz. 135^t>fcfcV^a**ft^3 

o o o A/m*)*£ $r»^^b$^T#^ix§tfrie^ 
Mi 0#^ix§tfrieM^bSdMi. dM2^m^i» 
ttrie^b-^^^mb-^ i . e-^ 2 1 1. 11 

0. Mb-^ 1^^{^«MMW$^^«^ 
[00 56] ^/t. Ifr^^b^bSdMl. dM2^m^ 

-smnem^f-^^^iime-^ 1 . t°-? 2 1 1. 

216^^h>fc77^h'>^feV^TiIiJ^$tl^l^b 0 -^ 

1 . e-? 2 ^^^^a^^til^^^^J^^h 
^t/t^^ffi^. ^tL^'tLHxol. Hxo2tf Sh^. Hx 
ol^^ff -g,Hxo2iOJt{i0.7J^T*Cfc«)i t^ft 

[ 0 0 5 7 ] 5g£££. ff^«^J:bHxo2/ Hxol^'O. 

[0058] ttz. M^-fbfidMi. 6mznm-&mz 
ffltftv-?*zti?tiv-? 1 . e-? 2 t. friea 

^fc3®gtfcV^Tffi#^tt^3 0 0A/m|)j;VW3 0 0 

oymcD±zzxm%zmt^xn^timt°-?<7) 
imiki-m%mmmmm±xmixstbfzMR 

(Dm, %tl%m-xr\, Kxr2>-fht%. HxrHC^tr^ 
Hxr2COJt{i0.7J^TTft-5«I tV\ 
[00 59] E^JtHxr2/ Hxrl*«0.2J2U: 

[0060] ttz. 2l6y>lt'yt l Z&UXMR$:fe®3 

o o o vm^# zxmR*^kz-$x%t>ti&mm 
imnx vn^ti&mm^tMwi. mt,znm~t& 
fnem^e-^^^we-^ 1 . t°-^ 2t u a 
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MimZMrtat-t&t^. S»i (Mrte-Mrta) 
^t 0 -?2^M^fk£dM2?)Jt ( (Mrte-Mrta) /dM2) 

[00 6 1 ] ttz. 216^h>^i3V^T^^^#3 
0 0 OVm^^$T«^^b$-itT#^ix§ttrie^ 

0. Mb-^2^^-^^»^tt^MS^Mt2tt 
a«H±^V^T. MS(Mt2+0.45xdM2) 
£^;t&»tMS(Mt2-0.45xdM2)£^;t§^W) 
HAH^'flt-? 2 $ fcjfr^a. SflgfJSTFC 

tt®B¥ii. Co. Fe. Ni£fcteCo£±fi£#i:U Fe. Ni . 
Cr. Ta. Pt s Pd. RuCO^ ^Mlftltz^ < b h 1 UCD 

tiLt1iZ&tf&tUz'J?%< b h 3JfEU:^ttJi**rtS 

mz$&mm. mm^m^mzmmmm^m 
&miz£*>xmxt>tix&*). tmmmm^mtbtt 

^-£Kui(J/nT3h ±M>£ji£WMffii£D. M 
J?£tifcU ?K;^yw®R*lrf&i:§ s KuifcDOT 

^■tti^m^kT-mt^fg (KuixDxDxti/k) zmm 

4000tMT b%lXon&ZtL&Zb*m$Lb't& ami a 

) mmHiztmcommwmz. imm 
WLhiz&tf&tit:>j?%< b 3m&±(7)mm^i-t 
msmmmzs v ^x . mmmm^m m m<& 
m zmmim . mm^mcomzmmmm^m 
^mmzszimm. mmm^mbimmm^ 
mb%m<im^xcrm&m$:TmM'\tmnbi-z> t 

&miz£*>xmx t>tixn o . mmmmnmttm 
^mmcDMitbtfm^zzi^'ifxfo*). ipo. m 



X*>*). ^ ^TTOttl^&fflfigi-S^iiW^ 

tt^us tifEnastt^^ffs ^o. 3imrxh h^b 

zmLt-tz mmmtm bm^^zhh. 

[ o o 6 3 3 ttz. mmnwmt. immm^m 

^6^z^xm<^6-lbtmtU\ ttz. ±j£cri 
ffi&McD&mZ. Cr^^lMSrNc. Pt^ig^M^N 
P. Btf)JK : FfiJEfc£Nb b-t&bZ. Nptf)80%fr£>Nc£ 
££>»<0 5 5%£3l^£it (0.7XN P -Nc-0.55 
xNb) £fa!oT/jN3 < £ 

[0064] sgfc^Jt. fraoB^-6«Mw«n:w 

[ o o 6 5 ] a*:. &fflffl&mbTmm&mMb 
i&t&w&m mx& 4mm t tzmmmmt- 1> % 
h %&mz&\ ^x it . mm~tm'\tmcDMikcDm am 

b i>lttHA,T^ZZbtmt i 

u a ax\ mttmmmitnm&mff*® 
&mn-mmt!&x.*fr*-&. 5/1000 0 j/hT2 

[ 0 0 6 6 ] ttz. mftaw&t&w&mamikam 
im^mztitemte. Ru^Nb, Pd. pt. a u , cu, p 
t. ?dfrt>%mfrt>mimt:'j?%< b i>m<7&mt 

mbZirtS&&. ttzli. Co£±j£#fcU Fe. Ni. C 
r. Ta. Pt. Pd. Ru^* a ^3l{^?t^ : 5:< i: t 1 SO 

7cs*^r^#. ttzimz-xz(xu»ttzimmm) 

^Jtii. ff$*S0.1nDD&^0.4nm^3tm.0n 
m/^1.6nm?)RiK Ir, Rh s Cu. Re^^^rl,^ 

^if^^<i:t IS^MtcS. ^Jtti. RuhM 
Re. taL Cr/6^^^^^M«"tL^^<i:ilS^ 
#M7cSfc*^^r#. tfzli. RhbPU PdfrbMUti 
tz^%< b h 1 mWM±.<7)itm^ikb *^^r#. 
12. J¥ $^0.2nm^^l.0nm^^{i:2.5nm^A)3.2nmC7)Cr. 
^ ^iiCr * ±^ i: 1, ^r#r ^ § ; h i t v \ 

[ o o 6 7 ] * st. ^tsttiifcTTOttiiSi: 

TM^ttX^Jf-^Kui (J/m^3) . imfrbnfcwm 
Kui^DW^hti^m^kT-'ltt^fl (KuiXDXD xti/ 

k) tr^s^att«^^Rflafc*fflv^, tutu 
nmmnimte. mmmnmmfflWMQQ&Tb 
izmmnwf-Mzwcz&tiz ; t *sa* t 

[0068] ^mm&±xnmmmm*mm' 
&mm<nw-%\&irj*-y}vwA^^tfzbim 

i-m^mcommif'mmmmi^b^m i 

[0069] mz. ttm^Mizm-t&mimcDd-h^ 
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HkAJiO . 2JJLL0 . & £ £ **5gfcr# * L V \ 
[00 7 1 ] * 3t^fc®ttJf^i¥$iiTTO1M^ 

[0 0 7 2]^«'[4M^MMi?{i. 2i~J*-h>l 
v\ 

[ 0 0 7 3 3 «M^MlW0 . 8 5fX5 

Coin's 3at%£j@;iSC: tmt U\ 
[00 74] fflllWS wi^^ie^«^± 

mmt^MJz^m-wm t mimomz ti t <ojt 
[0075] itrrTOttii^^fc 

LTfct Co±J&fr£:U Cr. Ta. Pt. ^fr^iMfeftlfc 

[0076] tmm&mcDttmt Lxtecaz^j&ttti- 

&Cr. Ta, Pt s <9*J& a £MJf*l£^&< i: h IS^tcS 
f^LTJiCr. Mo. W s Ta s V. Nb s Ta s Ti. Ge. Si. C 

^tsimmmxh^^t^mu\ 
[0077] mi-mmn®fcnfozmwf%m 

^mit. RufcNb. Ti. Pd. Pt. Au. Cu. Pt. Pd#>£>£4 
ifcii, Co£±)&fri:U Fe. Ni. Cr. Ta. Pt. P 

0.1nm^^0.4nm^^m.0nm^^l.6nm^Ru. I 

r. Rh. Cu. Re*»6*4»3&»6atf#lfcilw3r<fc«)l8 
^)#M7tS. RuhMo. Re. W. Cn&^&S^ 



(mme ) mmmeiztmcD^wcDwmi. mm? 
v?M&Q. 5umm : xhm^m^^tm%^ 

iMWM^ 1 . 8 TPXtTfo h^b tfftt 

u\ tfz. mm^±m^m^i\mzmhim 

[0 0 78] 
[W^#^IM] 

[01 ] #^o«£^-±ra<, 

[02 3 *^H^ffimiE^^^aWfcfeH. 
[03] AFCIM^, 
[04 3 £S^<oafcfc0. 

[053 *^^a^ie»«*^a«*R^^0. 
[06] *^«MieiM^^'j^Mffiii^^ 

0 O 

[07] *m<nm^m&i^®fflmz%m& 

0 O 

[08 ] *^H^«Miai3^*fcfctts#«ttii^o«« 

[09] *^0^[J^^^^^0 O 
[010] MMfa^gI«t^. 

[01 1 ] mm^v vnw&m. 
[012] AFcmmzm&mmcomtM, 

[013] ^0fl^^MiaiM#:O«^^^0 o 

[014] ^mmmmmim^wm^^-tm, 
[015] *^H^a^iai3aK*^'j^fli«^^t0. 

[016] *^«Mieii^#:^'J^^^^0 o 
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Translation of relevant parts 

[0025] 

In order to provide a nature that magnetization of a magnetic layer for 
recording and a magnetic layer for stabilization, between which a contact layer is 
provided, is made reverse, it is preferable to use Ru or at least one metal element 
selected from a group consisting of Ir, Rh, Cr, Cu and Re, as described in the known 
examples. Since Rh and Cu are metals having high ductility and malleability and the 
thickness thereof, with which the antiferromagnetic coupling field becomes maximum, 
is about 0.8 nm which is about twice of that of Ru, Ir or Re, it is possible to obtain a 
high quality of medium whose variation in a disc surface of the antiferromagnetic 
coupling field due to thickness variation and pin-holes, etc., is small and whose 
magnetic characteristics is uniform. Further, since a range of film thickness, with 
which the antiferromagnetic coupling field can be obtained, of Ru, Ir or Re is wide 
compared with an average thickness, these materials are superior in a process control. 
In a case where Cu or Cr is used as a non-magnetic intermediate layer, the 
crystallization and the orientation of the magnetic layer for recording is improved since 
the lattice consistency thereof with respect to the Co alloy magnetic layer is good. In a 
case where Cr is used, a large antiferromagnetic coupling field can be obtained when Fe 
is contained in the magnetic film contacting thereto or in the surface of the magnetic 
film. 

[0043] 

The non-magnetic under layer 14, the magnetic layer and the contact layer were 
formed on the substrate 15 by the DC sputtering in an atmosphere of low pressure Ar 
gas or Ar - O gas containing several % of oxygen. In this installation, parameters of 
the respective layers can be changed independently. In this installation, Ar pressure of 
1 to 1-10 mTorr, the substrate temperature of 100 to 300°C and film forming rate of 0.1 
to 10 mm/s are used. The protective layer was 10 nm thick. The Co alloy magnetic 
layer as the magnetic layer for recording contained Cr in a range of 19 to 23 atomic 
percent, Pt in a range of 4 to 20 atomic percent and V and Ta in a range of 2 to 5 atomic 
percent, respectively. Further, thickness, saturation magnetization and anisotropic 
magnetic field of the magnetic layer for recording were changed in a range of 12 to 22 
nm, 0.3 to 0.7 T and 500 to 1200 KA/m, respectively. Thicknesses, saturation 



magnetizations and anisotropic magnetic fields of the magnetic layer for stabilization 
and the under layer magnetic layers were changed in a range of 1 to 8 nm, 0.3 to 1.5 T 
and 100 to 120 KA/m, respectively. Since the antiferromagnetic coupling field is 
sensitive to the state of an interface between magnetic materials and the non-magnetic 
intermediate layer, it is largely influenced by the film forming condition. In particular, 
a large antiferromagnetic coupling field is obtained by the RF sputtering. The 
antiferromagnetic coupling field obtainable by the DC sputtering is about 1/3 of that 
obtainable by the RF sputtering and is twice that obtainable by the MBE method. In 
forming the contact layer, it is preferable to use a method with which a necessary 
coupling magnetic field can be obtained. In a case where the contact layer for 
inducing the antiferromagnetic coupling includes three layers such as shown in Fig. 15, 
the production process control becomes facilitated by selecting elements, which are not 
contained in other contact layers, from a group consisting of Mo, Re, W and Cr and 
using them as alloys of Ru. According to an X ray diffraction measurement, the 
magnetic film has the orientation similar to that of the typical in-surface recording 
medium in which c-axis hexagonal system is distributed in a surface randomly. 



